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he growing global prevalence of diabetes has challenged

clinicians and health care systems to address the clinical,

emotional, and financial burden of this disease. The number
of individuals with diabetes is expected to grow to an estimated
643 million worldwide by 2030, up from 537 million in 2021.' The
number of individuals with type 1 diabetes (T1D) was approximately
8.4 million in 2021 and is expected to increase rapidly.” A recent
meta-analysis of 34 studies® found that the majority of the 5466
individuals comprising the sample had hemoglobin A (HbA, )
levels well above the American Diabetes Association (ADA) target
of less than 7%.*

During the pastdecade, ongoing innovations in glucose monitoring
and insulin delivery technologies have led to the development of
advanced tools designed to help people overcome the burden of
diabetes and actuate optimal diabetes management. Continuous
glucose monitoring (CGM) is increasingly being used. Unlike
traditional finger-stick blood glucose testing, CGM shows trends
of hypoglycemia, hyperglycemia, and glucose variability in real
time that can allow for more timely adjustments and therapy
changes when needed.

Standardized CGM metrics include time in range (%TIR;
70-180 mg/dL), time below range (%TBR; level 1 hypoglycemia
[<70 mg/dL] and level 2 or severe hypoglycemia [< 54 mg/dL]), time
above range (%TAR; 181-250 mg/dL and > 250 mg/dL), and glucose
management indicator (GMI).> GMI is an established metric that
provides an estimated measure of HbA _levels based on CGM data
and is reported as a percentage like HbA, .* However, unlike HbA ,
GMI is not impacted by medications such as a long-term salicylate,
opioid ingestion, or any condition that is associated with decreased
red cell turnover such as iron deficiency anemia that can falsely
elevate an HbA _level.”® A secondary end point that was recently
established is time in tight range (%TITR; 70-140 mg/dL).’ These
clinical measures were recommended by a consensus panel and
have been endorsed by various diabetes associations. A minimum
0f 10 to 14 days of CGM data is recommended for a reliable 3-month
estimate, with at least 14 days providing a better representation of
glycemic performance.*®

ABSTRACT

OBJECTIVES: This analysis evaluated changes in
glucose management indicator (GMI) at 12 months from
baseline hemoglobin A, (HbA, )—which are both used
interchangeably in the Healthcare Effectiveness Data and
Information Set (HEDIS) quality measures for glycemic
status—in individuals with type 1 diabetes (T1D) who
switched from multiple daily insulin injections (MDI) to
Control-1Q technology, an automated insulin delivery
(AID) therapy.

STUDY DESIGN: US-based retrospective analysis
that used data from the Tandem Diabetes Care, Inc
t:connect web application and customer relationship
management database.

METHODS: Inclusion criteria were having had prior
treatment with MDI, having started Control-1Q at least

1 year prior to the study end date, having a most recent
recorded baseline HbA, measurement within 6 months
prior to AID initiation, and having at least 70% continuous
glucose monitoring use during the 12-month postinitiation
period. The primary outcome was the change in number and
proportion of individuals who met the HEDIS quality measure
(HbA,_ or GMI of <8% [control] or >9.0% [poor control]) and
American Diabetes Association (ADA) glycemic target (< 7%)
according to payer type (commercial, Medicaid, Medicare)
during the 12-month observation.

RESULTS: The analysis included 12,522 individuals with
T1D. Following AID initiation, the number and proportion of
individuals who met the HEDIS quality standard increased
from 6205 (49.6%) to 11,632 (92.9%) at 12 months (A=87.5%).
Similar improvements were observed among those who
achieved less than 7% GMI. Within all payer groups, the
number of patients with baseline HbA, levels greater than
9% decreased from 3431 to 15 (A=-99.6%).

CONCLUSIONS: A greater proportion of individuals can
achieve the HEDIS and ADA target goals for glycemic status
with Control-1Q use compared with MDI use across all
payer types.
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TAKEAWAY POIN

as a measure presented in the Ambulatory
Glucose Profile (AGP) with a goal of less than
7%.* According to the AGP developers, GMI is

» Ourstudy assessed the impact of using Control-1Q technology, an automated insulin delivery

system, on achievement of a Healthcare Effectiveness Data and Information Set (HEDIS) qual-
ity measure (glucose management indicator <8%), which is a surrogate for hemoglobin A, .

» At 12 months, a greater proportion of individuals who switched from multiple daily insulin

a direct measure of glucose and provides the
HDA,_level that would usually be expected from
alarge population of individuals with diabetes

injections (MDI] to Control-1Q therapy achieved the HEDIS quality measure compared with

when they were on MDI therapy.

» This study offers valuable insights for payers and providers, aiding in prioritization of strate-

gies aimed at optimizing outcomes in diabetes care.

» These strategies encompass a range of options, such as exploring alternative pharmaceuti-
cal treatments, leveraging medical device technologies, and implementing complementary

population health management services.

who have the same average CGM glucose level.®
GMI is estimated from a linear regression
model that utilizes laboratory-measured HbA
and CGM-measured mean glucose data from
4 RCTs.® Conversely, although the HbA _testis
considered to be a useful measure of popula-

TABLE. Baseline Demographics

Characteristic N=12,522

Age in years, mean (SD) 34.6 (19.6)
Age group in years, n (%)
<6 47 (0.4)
6-13 1827 (14.6)
14-17 1441 (11.5)
18-44 5381 (43.0)
45-64 2614 (20.9)
265 1212 (9.7)
Female, n (%) 6657 (53.2)
HbA, _level (%), mean (SD) 8.3(1.8)
Coverage, n (%)
Commercial 8759 (69.9)
Medicaid 2380 (19.0)
Medicare 1383 (11.0)

HbAk, hemoglobin A.E

With the pairing of CGM to insulin pumps, automated insulin
delivery (AID) systems have become possible. AID systems, also
known as hybrid closed-loop systems, are insulin pump systems
that use an algorithm to automatically increase or decrease basal
insulin delivery in response to CGM glucose values. Advanced AID
systems are also available, which have the added capability to
deliver automated correction boluses.”® In randomized controlled
trials (RCTs), AID has been shown to improve glycemic control
and reduce the risk of hypoglycemia in adult, adolescent, and
pediatric patients with T1D."""> A meta-analysis of RCTs by Beck et
al demonstrated significant improvement in mean glucose, HbA ,
hyperglycemia metrics, and hypoglycemia metrics in individuals
with T1D using an AID system."” Additionally, improved TIR was
observed across the full age range (2- 72 years) regardless of race/
ethnicity, household income, prior CGM use, or prior insulin
delivery method; the greatest benefit in HbA, and TIR was seen
in individuals with the worst baseline control.”

Importantly, the ADA updated its recommendations in 2020 to
include an assessment of glycemic metrics, which includes GMI

tion health,” it may not accurately reflect an
individual’s true glycemic status.”®

The National Committee for Quality Assurance (NCQA) included
the use of the GMI for measurement year 2024 as a surrogate for
HDA,_in its Healthcare Effectiveness Data and Information Set
(HEDIS) diabetes-related measures,* which aligns with updated
ADA clinical guidelines and new technologies."” HEDIS is a set of
diverse measures that assess health care effectiveness, access, and
enrollee experience and is used by more than 90% of health plans.'®

The HEDIS Glycemic Status Assessment for Patients With Diabetes
assesses an individual’s most recent HbA, or GMI result against
2 thresholds of less than 8% and greater than 9%, previously defined
as controland poor control, respectively.” The metric uses the most
recent result (GMI or HbA ). The formal target ADA goal for HbA,_
level is less than 7% for most individuals,* and less than 7% is an
implied goal for GMI as presented in an ADA report showing key
points in a standard AGP.*

There are currently several commercially available AID systems in
the US. This study assessed the real-world performance of the t:slim
X2 insulin pump with Control-IQ technology (hereafter, Control-1Q;
Tandem Diabetes Care, Inc) within a large population of patients
with T1D using HEDIS and ADA thresholds for glycemic control.

METHODS

Study Design and Population

This US-based, retrospective analysis evaluated changes in
glycemic status over 12 months among children, adolescents, and
adults with T1D who initiated therapy with the Control-1Q system
following therapy with multiple daily insulin injections (MDI).
Uploaded glycemic information for January 15, 2020, to March 14,
2024, was obtained from the Tandem Diabetes Care t:connect web
application, which limited our investigation to Tandem devices.
Baseline patient characteristics were obtained from the Tandem
customer relationship management database. Inclusion criteria
were having had prior treatment with MDI, having started Control-IQ
at least 1 year prior to the study end date, having a most recent
recorded baseline HbA  measurement within 6 months prior to
Control-IQ initiation, and having at least 70% CGM use during each
3-month interval (quarter [Q] 1, Q2, Q3, Q4) during the 12-month
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postinitiation period.’ Results were stratified by key payer type
(ie, commercial, Medicaid, and Medicare). GMI was calculated
for each 3-month interval in the 12-month postinitiation period
and compared with baseline HbA _levels. Figure 1 presents the
study flow diagram.

Outcome Measures

The primary outcome was the change in the number and proportion
ofall individuals who aligned with the HEDIS quality measures (< 8%
and > 9%)' and a more aggressive metric (GMI of < 7%) according
to payer type during the 12-month observation period. Baseline
CGM data were not available, so CGM metrics during the preindex
baseline period were not calculated. Calculated CGM metrics included
%TIR (70-180 mg/dL), %TITR (70-140 mg/dL), %TBR (both in level 1
hypoglycemia [< 70 mg/dL] and level 2 hypoglycemia [< 54 mg/dL]),
and %TAR (> 180 mg/dL). The goals for these metrics are greater than
70% for %TIR, greater than 70% for %TITR, less than 4% for %TBR
less than 70 mg/dL, less than 1% for %TBR less than 54 mg/dL, and
less than 25% for %TAR.?

Statistical Analysis

GMI was calculated using the following formula:
GMI=3.31+0.02392 x mean glucose in mg/dL°

and compared with baseline HbA _level. Changes in glycemic
outcomes were analyzed using paired ¢ tests. The proportions
of patients meeting national thresholds were analyzed using
McNemar y? tests.

RESULTS

Study Population Characteristics

The analysis included 12,522 individuals with T1D. Baseline demo-
graphic characteristics are presented in the Table. Most participants
were female, and a plurality were aged 18 to 44 years; 26.5% were
younger than 18 years. The majority of individuals were covered
by commercial insurance, followed by Medicaid and Medicare.

Achievement of HEDIS and ADA Quality Standards

Atbaseline, 6205 (49.6%) individuals met the HEDIS quality standard
for glycemic status (GMI < 8%) and 2842 (22.7%) individuals achieved
aGMI less than 7%. By Q4, significant improvements were seen in the
percentage of individuals meeting HEDIS or ADA quality standards.
The percentage of patients meeting the HEDIS measure of GMI less
than 8% increased to 92.9% (A=87.5%) and the percentage achieving
a GMI less than 7% increased to 34.4% (A=51.4%).

The largest increase in the proportion of individuals meeting the
HEDIS threshold (< 8%) was observed among patients covered by
Medicaid, followed by those covered by commercial insurers and
Medicare (Figure 2 [A]). The largest increase in the proportion of
individuals achieving a GMI less than 7% was observed in those
with Medicare coverage (Figure 2 [B]).

FIGURE 1. Study Flow Diagram

Tandem database
AID users with T1D
(N=279,414)

Initiated Control-1Q (AID) between 1/15/2020
and 3/14/2024 with 2364 days

(n=237,322)

MDI therapy prior to initiation of AID (index date)
(n=67,868)

Baseline HbA, <6 months prior to index date
(n=22,978)

Baseline HbA, 4.0%-15.0%
(n=22,391)

Payer type: commercial, Medicare, Medicaid
(n=21,457)

CGM data available for days 274-364 post index
with 270% CGM use

Study cohort
(n=12,522)

AID, automated insulin delivery; CGM, continuous glucose monitoring; HbAW
hemoglobin A, ; MDI, multiple daily insulin injections; T1D, type 1 diabetes.

Reduction of Suboptimal Glycemic Status per HEDIS
Quality Standards (HbA, or GMI>9%)

A total of 3431 patients with a baseline HbA _level greater than 9%
were identified (commercial: n=2289; Medicaid: n=867; Medicare:
n=275). The number of individuals with HbA, greater than 9%
decreased from 3431 to 15 (A=-99.6%) (Figure 3). The largest
percentage reduction was observed among patients covered by
commercial plans.

Changes in GMI per Quarter From Baseline to Q4

A significant reduction in GMI from baseline HbA,_levels was
observed across the full cohort within the first 2 weeks of Contro1-1Q
use and was sustained at each quarterly measurement throughout
the 12-month observation period (P < .0001 at all increments)
(Figure 4). There was an observed difference between mean GMI for
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FIGURE 2. Change From Baseline in Percentages of Patients Who Achieved the HEDIS
and ADA Measures for Glycemic Control
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Healthcare Effectiveness Data and Information Set; Q, quarter.

FIGURE 3. Change in the Percentage of Patients With GMI Greater Than 9.0% at Q4
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GMI, glucose management indicator; HbA, , hemoglobin A, ; HEDIS, Healthcare Effectiveness Data and

Information Set; Q, quarter.

the first 2 weeks and Q4 that was statistically
significant (P <.0001); however, the effect size
was small (A=0.1%).

Secondary Postinitiation
Observations

Within the full cohort, the mean (SD) %TIR
(70-180 mg/dL) and %TITR (70-140 mg/dL)
decreased from Q1 through Q4 from 69.3%
(14.2%) and 43.2% (15.0%) t0 65.5% (15.4%)
and 39.5% (15.5%), respectively. The mean
(SD) %TAR (> 180 mg/dL) increased from 28.8%
(13.5%) to 32.2% (14.7%). Increases in mean
(SD) %TBR (<70 mg/dL and < 54 mg/dL) were
also observed from Q1 to Q4 (< 70 mg/dL: 1.9%

[2.3%] t0 2.2% [2.7%]; < 54 mg/dL, 1.0% [1.9%] to
1.2% [2.4%)).

DISCUSSION

The inclusion of GMI as an HbA _surrogate
has expanded access to clinical outcomes
through CGM, enhancing managed care plans’
compliance with quality metrics. This study
shows how combined HbA, _and GMI outcomes
improve HEDIS and ADA measures in indi-
viduals with T1D using the Control-I1Q after
prior MDI therapy, serving as a prototype for
including GMI in quality metrics for various
diabetes treatments. This study reports on a
significantly greater proportion of individuals
with T1D who meet national quality standards
(HEDIS/ADA) for target glycemic status after
switching from MDI to Control-IQ. A significant
reduction in GMI from baseline HbA, was
observed in the full cohort during the first
2 weeks of Control-1IQ use (from 8.30% to
7.06%; A=-1.24%; P <.0001) and sustained over
the 12-month period. The reduction in GMI
was achieved in all individuals regardless of
theirinsurance coverage type. These findings
are consistent with a meta-analysis from 3
RCTs among Control-IQ users by Beck et al,
which showed significant improvement in
mean glucose and HbA _levels in individuals
with T1D.»

Recently, a similar study by Forlenza et
al was conducted among 5575 Medicaid and
Medicare beneficiaries new to Control-IQ with
T1D (n=5075) or type 2 diabetes (n=500).” At the
12-month follow-up, significant improvements
in %TIR were observed in both the Medicaid and
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Medicare populations (from 46% to 60% and

FIGURE 4. Change in GMI From Baseline HbA, at Each Timepoint in the Full C

from 64% to 74%, respectively; both P <.0001)."
The study also assessed the percentage of
Control-IQ users who met the ADA guidelines for
CGM glucometrics (ie, GMI < 7% with TIR > 70%
and either TBR of < 4% for those < 65 years or
a TBR of < 1% for those > 65 years). Forlenza et
al found that the percentage of users meeting
ADA guidelines improved for the Medicare
group (12.8% vs 26.3%; P < .001) and Medicaid

(N=12,522)

8.5%

8.0%

7.5%

HbA,_(%)

8.3+1.8%

7.2+0.5% 7.2+0.5%

7.2+0.5%

71s05% 71:05%

group (5.7% Vs 13.4%; P < .001).” The magnitude 7.0% 1% -1.1%

of improvement was lower in the study by -1.2% 1.2%

Forlenza etal than in this study; however, it is AlLP < .0001

. 6.5%

important to note that the Forlenza et al study Baseline GMI at GMI Q1 GMI Q2 GMI Q3 GMI Q4

cohortincluded individuals with CGM data at HbAM 2 weeks (n=12,490) (n=12,271) (n=12,387) (n=12,522)
(n=12522)  (n=12,410)

baseline and follow-up and individuals with
prior AID experience, whereas this study only

included individuals with prior MDI therapy.

Results from this study showed significant
increases in the percentage of individuals
meeting HEDIS and ADA standards for target glycemic status of
diabetes after initiation of Control-IQ after MDI use. Although clini-
cians and health plans aim to provide high-quality care to achieve
the best clinical outcomes, there are also other incentives for high
performance on these national quality standards. HEDIS scores are
used to monitor quality performance and inform value-based provider
agreements and accreditation for private health plans, managed
Medicaid plans, and provider organizations.?* CMS, the largest payer
in the US, uses HEDIS data for its Medicare Star Ratings to measure
the quality of health services provided to Medicare beneficiaries in
Medicare Advantage and Part D plans, with 1 star being the lowest
rating and 5 stars being the highest rating for quality. As reported
by CMS, contracts with plans with consistently low ratings can be
terminated. Star ratings also impact reimbursement rates to Medicare
Advantage plans. High performance (ie, >4 stars) can have significant
financial implications, with substantial increases in quality bonus
payments that can amount to millions of dollars depending on
plan size. High performance also impacts market positioning with
increased member enrollment for Medicare Advantage plans. A recent
review by Borrelli et al found that star ratings directly impact both
enrollment and disenrollment in a given plan.*

Use of diabetes technology, including CGM and AID systems,
provides real-time and more readily accessible glycemic information
compared with laboratory HbA _readings. Standardized glycemic
metrics such as TIR and GMI have been recommended by various
diabetes associations, including the ADA, and used by the NCQA
HEDIS and clinicians for diabetes management. Additionally,
standardized reports including these measures have been developed
for practicing clinicians. The AGP report was developed by the
International Diabetes Center* and is recommended by the ADA
for glucose assessment."” The AGP reports display glucose dataina
standardized format intended to reduce clinician burden by making

GMI, glucose management indicator; HbA, , hemoglobin A, ; Q, quarter.
P values address the significance of GMI values at all time points compared with baseline HbA, .

the data easy to interpret and comparable across all devices.” Most
CGM and AID system manufacturers include variations of the AGP
format, first introduced as a 1-page report, in their health care
professional software portals.?* Individuals using these technologies
can share reports with their physician or other health care profes-
sionals, including medication therapy management pharmacists
and certified diabetes educators, as well as their caregivers. To
further streamline clinician workflows and efficient use of these
metrics to ultimately improve patient outcomes, the Diabetes
Technology Society initiated the Integration of Continuous Glucose
Monitoring Data into the Electronic Health Record, or iCODE, Project
to facilitate automated uploading and integration of CGM data into
the electronic health record.”

This study is unique in that it measured the performance of an
AID system among users switching from MDI therapy; other studies
compared individuals with prior pump experience, including
experience with insulin pumps that were not connected to CGMs
or earlier versions of hybrid closed-loop pumps. Furthermore, this
study focused on performance on HEDIS and ADA glycemic standards
across different payer types. This study analyzed population-level
glycemic performance over a period of 1 year on a large sample
size, allowing for an assessment of the sustainability of glycemic
improvement associated with the use of the Control-IQ system.
Evaluating performance based on payer type offers meaningful
context from the quality improvement, value, and population
health perspectives to payers. This study offers valuable insights for
payers and providers, aiding in prioritization of strategies aimed at
optimizing outcomes in diabetes care. These strategies encompass
a range of options, such as exploring alternative pharmaceutical
treatments, leveraging medical device technologies, and imple-
menting complementary population health management services.
Population health management services may include medication
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therapy management, care management, and the integration
of digital health solutions including engaging in technological
innovations that seek to alleviate points of friction for patients,
caregivers, and providers.

Additionally, our findings demonstrated how rapidly glycemic
status improves when AID treatment is initiated. Rapid improvement
in glycemic status assessed by %TIR has been reported in recent
studies. For example, Sherr et al reported rapid improvements in
%TIR and other metrics in a cohort of 11 adults, 10 adolescents, and 15
children with T1D.? During the first 5 days of the evaluation, the %TIR
(70-180 mg/dL) increased during AID use compared with standard
therapy, reaching significance foradolescents (79.0% vs 60.6%; P=.01)
and children (69.2% vs 54.9%; P=.003), with a notable improvement
among adults (73.7% vs 68.0%; P=.08).%¢ Similar improvements
in %TIR from baseline were recently reported in a cohort of 368
children and adolescents with T1D during the first 15 days of AID
use in automode (from 62.8% to 75.4%; P < .001).” Beato-Vibora et
al also reported an increase in %TIR with AID use, from 67.3% to
79.6% at 1 month (P=.001).® Absent blinded CGM data at baseline,
using the first 2 weeks of unblinded data allows for a more accurate
assessment of glycemic change than after 3 months of CGM use.?**

Limitations

This study is not without limitations. Baseline levels of %TIR, %TBR,
and %TAR were not available for comparisons with the follow-up
period. Specifically, the Q1 and subsequent quarters of data following
Control-IQ initiation reflect only postinitiation observations without
reference to the magnitude of change from baseline. The inability
to measure performance of individuals for whom sufficient data
was not available, according to the minimum necessary CGM data
(>70%) per international consensus guidelines,’ is also a limitation.
Finally, it is important to recognize that HbA _and GMI measure
2 different glycemic characteristics. Whereas HbA, measures the
amount of circulating glucose that has attached to hemoglobin over
the past 2 to 3 months,* the GMI is derived from the glucose values
captured during at least 14 days of CGM use and provides only an
estimate of the HbA _level.® Although atan individual level there can
be higher discordance between these measures, at the population
level the relationship has been established via multiple studies,
resulting in an equation to translate and compare the 2 measures.
When comparing HbA _ with GMI, there is frequent discordance
between the two on an individual patient level.** However, in a large
cohort study, this discordance will “wash out.” Moreover, unlike
HDA  measurement, which can be affected by long-term salicylate
use, opioid ingestion, and other conditions that can falsely raise
or lower HbA _results,”® GMI is not impacted by these factors. Use
of GMI also has other advantages over HbA, . Because the GMI is
automatically calculated by CGM download software, laboratory
costs are avoided and the results are readily available to clinicians
and health plans. Moreover, individuals are not burdened by the
pain and inconvenience of presenting at the laboratory or clinic
for blood draws. Further, with the adoption of GMI by the NCQA for

performance measurement, understanding the impact to quality
improvement scores using CGM-derived measurements is necessary.

CONCLUSIONS

In this retrospective database analysis of children, adolescents, and
adults with T1D who switched from MDI therapy to Control-IQ, a
significantly greater percentage of individuals achieved the HEDIS
goal for glycemic status across all payer types. The NCQA's decision
to include GMI in its quality measures is an important first step
in recognizing the value and utility of CGM data for assessing the
quality of diabetes care. Democratizing CGM metrics and reporting
in electronic health records for broader use in clinical platforms
that are available to payers (eg, medication therapy management
and care management) should be considered to potentially further
improve patient outcomes. The challenge of addressing the
increasing prevalence of diabetes and the clinical and economic
consequences of suboptimal glycemic status can be improved by
increased awareness of and access to AID technology. B
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